Objective: The aim of this study is to investigate neurologic complications of closed wedge valgization osteotomy technique using electrophysiological methods.
INTRODUCTION
Currently, although arthroplasty is prevalent in the treatment of gonarthrosis, high tibial osteotomy (HTO) in the treatment of young patients still maintains its importance. However, as in the other knee surgeries, HTO has complications. Complications related with peroneal nerve especially are among the important complications of the technique (1) . In our study, we aimed to investigate the peroneal nerve complications by using electrophysiological methods in patients who underwent HTO with the closed wedge valgization technique. The reason for using electrophysiological examination in the study is to determine peroneal nerve lesions without clinical signs or symptoms.
In the literature, in a study conducted on thirty cadaveric legs, the innervation of m.extensor hallucis longus was examined. The muscle was innervated by only one branch of n.peronealis profundus in twenty seven (90%) cases, and by 2 branches of the nerve in only 3 (10%) cases. The nerve penetrated the muscle from the fibular side in twenty one cases, from the tibial side in 6 cases and from the anterior aspect in 6 cases. The nerve following the fibular route was extending very close to fibular periosteum (3) .
Patient selection is one of the most important factors affecting the success of high tibial osteotomy. In the last 15 years, patient selection criteria for HTO have become more limited in parallel with developments in total knee arthroplasty. Despite successful results, due to activity limitations in the post-operative period of total arthroplasties and limited life of prosthesis, osteotomy seems to be the most convenient intervention in young and active patients with single compartment arthritis.
At present, the indications for osteotomy and prosthesis are not clearly defined and intervention is shaped by the personal evaluation criteria of patient and surgeon. In these criteria, the patient should be evaluated as a whole, not only the knee.
METHODS
Our study was planned on the patients with medial gonarthrosis and varus deformities between April 2002 and April 2004. Preoperatively, all patients signed consent forms for surgery.
Surgical Technique
In all patients of our series, lateral closed wedge valgization osteotomy was applied. After the patient was taken to a standard operation table, anesthesia was achieved by using one of the general or spinal anesthesia techniques and a pneumatic tourniquet was applied to the lower extremity. Knee joint compartments were evaluated by arthroscopy before osteotomy. The fibular head, gerdi tubercleand tuberositas tibia were determined and an oblique incision was made from the fibular head to the tuberositas tibia. Subdermal tissue was passed ( Figure 1 ). The anterior part of the osteotomy area was exposed by removing the anterior retinaculum from the lateral rim of the patellar tendon by sharp dissection, and extensor muscles were detached subperiostally from the tibia metaphysis. Attachment sites of tibialis anterior were scraped in distal and lateral directions. The lateral tibial metaphysis was completely exposed for osteotomy. To do this, a homan retractor was placed onto the posterior tibia by scraping the periosteum. The proximal part of the osteotomy was cut by a chisel from lateral to medial, 2-2.5 cm distal to the joint, and parallel to the K-wire guide inserted into the knee joint. Then, the height of the wedge was calculated and the distal border determined. The distal border of osteotomy was cut from lateral to medial and from distal to proximal by guidance of a ruler placed on the first osteotomy line. Thus the two osteotomy lines combined in the medial site. Both rims of the osteotomy were made deeper with the help of a thin and wide osteotom, but the medial cortex was kept intact and the wedge was removed. Then, a 5-cm longitudinal incision was made from the lateral cruris 16 cm distal to the fibular head. After passing through skin and subdermal structures, the fibula was exposed by blunt dissection among the fibers of m. peroneus longus. 2 retractors with round shaped endings were placed around the fibula by scraping the periosteum. Then, a 1-2 cm bone block was removed using a motor saw, and the intact medial cortex of the tibia was used as a hinge, and the knee was forced into valgus and theosteotomy area was closed. After controlling the alignment of the knee, two deep stepped "U" staple and one smooth "U" staple were used for internal fixation (Figure 2 ). In case of "U" staple absence, or in cases who were planned for bilateral operation, rigid fixation were made by a half T plate. In total, two drains were placed: one for the tibia osteotomy area and one for the fibular osteotomy area. All layers were closed according to anatomy and a Jones bandage was applied ( Figure 3 ). Evaluation was made by postoperative radiography (Figure 4 ).
Radiological and Clinical Method
Preoperative orthoroentgenograms are used to measure mechanical axis, anatomical axis 1 and 2, mechanical axis deviation, proximal medial tibial angle, distal lateral femoral angle, knee joint converggence angle and ankle adaptation angle in all patients. Then, the above-mentioned closed wedge valgization HTO operation was made. Patients were followed up at hospital services after surgery. Of the 20 patients who were operated by the closed wedge valgization HTO and U staple fixation method, 11 patients younger than 60 years and without peripheral neuropathy were included in the study. In total, 15 extremities were operated. Four patients had operations on both sides at different sessions and 7 patients had an operation on a single side. In the patients who had bilateral operations, only one extremity was evaluated. The mean age of the patients was 52.75 (±5.39) years. All patients underwent electrophysiological investigation 1-day before the operation. In this investigation, the unoperated side served as control for the operated side.
Electrophysiological Method
Electrophysiological investigations of the patients were made at the EMG laboratory by using the Nihon-Kohden Neuropack 2 device. Needle EMG investigations for motor and sensory nerve conduction velocities of patients were performed before the HTO operation and 2 months after the operation in both lower extremities.
The inter-electrode distance was 25 mm during motor and sensory nerve conduction velocity assessments. Supramaximal electrical stimulation was made with a superficial stimulator at 0,2 msec durations. In the investigation of motor conduction velocity, both peroneal nerves were stimulated at the ankle, fibular head, and 80-100 mm proximal to the fibular head. Latency and amplitude values of motor unit potentials (MUP) in the extensor digitorum brevis muscles were recorded. For MUP recordings, 6 mm diameter circular metal superficial electrodes were used.
In the investigation of sensory conduction velocity, both sural nerves were stimulated at 100-150 mm proximal to the lateral malleolus, and the latency and amplitude values of sensory potentials were recorded. Both superficial peroneal nerves were stimulated at the anterior border of the fibula 100-120 mm proximal to the lateral malleolus, and the latency and amplitude values were recorded. In the investigation of sensory conduction velocity, the distance between active and reference electrodes was 25 mm, and 6 mm diameter round-shaped metal superficial electrodes were used. During motor and sensory conduction velocity assessments, a ground electrode was placed between the stimulator and recording electrodes.
Concentric needle electrodes were used for needle EMG and vastus medialis, tibialis anterior, extensor hallucis longus, extensor digitorum brevis, extensor digitorum longus and gastrocnemius muscles of both extremities were investigated.
Statistical analysis
All patients who completed the 2 months follow up period were re-evaluated for electrophysiological changes at the same polyclinics by the same neurologist. The data obtained were transferred to SPSS (Statistical Package for the Social Sciences)10.5 software and comparisons were made by paired samples t-test.
RESULTS
The amplitude of N. peroneus superficialis significantly reduced postoperatively when compared to preoperative values. The mean amplitude of N. peroneus superficialis before and after surgery were 12.77 and 5.44 respectively (p<0.05). When operated and unoperated sides were compared in terms of n. peroneus superficialis amplitude, the amplitude of the operated side was significantly lower. The amplitude of n. peroneus superficialis was 15.27 on the unoperated side, whereas it was 5.44 on the operated side (p<0.05). In the nerve conduction velocity study, the nerve conduction velocity of N. peroneus superficialis was normal. Thus, amplitude reduction was explained by axonal involvement.
There was no significant difference in pre-and post-operative distal latency of N. peroneus communis, distal conduction velocity of N. peroneus communis, proximal conduction velocity of N. peroneus communis, N. peroneus communis amplitude, n.suralis conduction velocity, n.suralis amplitude, and N. peroneus superficialis conduction velocity (p>0.05 for all comparisons).
Pre-and post-operative nerve conduction velocities of the control group were comparable (p>0.05). In addition, there was no significant difference between pre-and post-operative nerve conduction velocities of the operated and unoperated sides (p>0.05).
The Needle EMG study revealed neurogenic involvement in 4 patients after surgery. All of these four patients showed denervation in the m. extensor hallucis longus needle EMG study (N. peroneus profundus). Two patients showed neurogenic involvement in the m. tibialis anterior needle EMG study. One of these had denervation. One patient showed denervation in the m. extensor digitorum brevis needle EMG study. Results of nerve conduction velocity studies were given in Table 1 .
There was no significant relationship between the ages of patients, the amount of wedge resection and electrophysiological investigation. In addition, there was no significant relationship between preoperative mechanical axis values and electrophysiological investigation results.
DISCUSSION
Peroneal nerve dysfunction is one of the important complications of knee surgery. The peroneal nerve complication rate is around 20% in the HTO operations. Peroneal nerve injury may be due to two factors in HTO operations: injury due to surgery and injury due to ischemia resulting from a tourniquet. Nebelung et al. (3) compared two methods of peroneal nerve conduction testing during surgery. The study aimed to investigate tourniquet-dependent nerve injury. Fibula osteotomy was applied from the fibular head after closed wedge osteotomy. Plate and staples were used to fix the osteotomy line. It is known that axonal conduction velocity of peripheral nerves is reduced under ischemic conditions. Excitability of nerve and reduction in conduction velocity totally recover when the ischemic time is under 10 minutes. How- Figure 4 . Radiographic evaluation after surgery ever, because of long-tourniquet times in orthopedic surgery, there may be irreversible motor function loss which cannot be defined clinically (7).
In a study by Aydogdu et al. (1) , peroneal nerve dysfunction after HTO was examined by electrophysiological methods in 11 patients. Pre-and post-operative EMG and nerve conduction velocity studies were performed. Pre-operative investigations were made 1 day before surgery, whereas post-operative invetigations were made 6 months after surgery. Maquet type HTO was applied to the patients. At the end of the study, there was a positive correlation between the degree of deformity and neurologic involvement. However, there was no significant relationship between the degree of deformity and neurologic involvement in our study (1) . Three patients showed motor and/or sensory involvement of the peroneal nerve. Only 1 patient had clinical signs. Nerve conduction velocity was reduced in two patients with motor involvement. Sensory nerve conduction velocity was reduced in 2 patients. In 2 patients with motor involvement in the EMG examination, there was partial degeneration. Electrophysiological parameters could not be recorded in 2 patients due to lack of stimulation. In the literature, the rate of weakness in ankle and thumb extensors was 2 to 20% in patients who underwent HTO. Possible exlplanations included anterior tibial compartment syndrome, peroneal nerve injury, tibialis anterior artery injury and ischemia due to the tourniquet. We suggest that nerve injury mostly results from surgery because peroneal nerve and its branches extend very close to the area of surgery and peroneal nerve injury occurs mostly during fibular ostetomy. This is because of the partial character and distal location of the lesion. Recent anatomic studies pointed out osteotomy as the reason for peroneal nerve lesions. In osteotomies applied at the 1/3 proximal part of the fibula, the risk of peroneal nerve injury is higher due to the close relationship between the bone and nerve. Nerve lesions can be seen even in the osteotomies applied in the so-called safe region (distal part). In our study, fibular osteotomy was applied in the safe zone, but electrophysiological investigations questionned the safety of this region. Thus, the safe zone is still debated.
There are few studies on the rate of peroneal nerve injury seen early after surgery. In the moderate nerve lesions, pain in the dorsal foot and ankle is seen as the symptom. The t pain is rather Table 1 . Statistical evaluation of nerve conduction velocities and amplitudes considered as a post-operative pain. Therefore, electrophysiological studies are very important in order to define nerve lesions after HTO. On the other hand, early EMG and nerve conduction velocity studies are thought to give incorrect results due to edema, and a second investigation is recommended at least 6-months after the surgery. This in turn fails to define early lesions that recover in this period. The rate of peroneal nerve lesion was 27%. However , he symptomatic patient rate was 9%. This suggested that peroneal nerve lesions after HTO are more frequent than is reported (1).
Georgoulis et al. (4) investigated the possible causes of complications in the HTO operation in 23 cadaveric knee dissections, including arteries and nerves. The tibial nerve and popliteal artery were 0.5-1 cm behind the tibia at the osteotomy level. Popliteus and tibialis posterior muscles were located between the tibia and these neurovascular structures. A wrongly placed dispenser during surgery may compress the tibial nerve and popliteal artery. The tibialis anterior muscle is innervated by the n. peroneus profundus branch of the peroneal nerve. As n. peroneus profundus passes through the proximity of fibular periosteum, there is the risk of injury. Branches innervating the extensor digitorum longus muscle are surrounded by muscles, thus the risk of injury is low. The same condition is present for the branches innervating peroneus longus and brevis muscles. Extensor hallucis longus muscle is innervated by two tiny and long nerve branches arising from the peroneus profundus. These are located at the tibial and fibular sides of the muscle. These branches are the longest muscular branches of peroneal nerve, and are located 10 cm distal to the fibular head. Nerve branch on the tibial side may be injured during retraction. However, this injury can be seen more often during insertion of the distal staple used for osteotomy fixation. Therefore, less invasive material (U-staple, semitubular plate) may solve this problem. The lateral cutaneous nerve, a branch of the superficial peroneal nerve, may be injured during distal fibular osteotomy (12 cm proximal to ankle or 16 cm distal to fibula). The nerve is mostly seen and protected by moving anteriorly (4).
Kirgis et al. (5) conducted a study on 29 cadavers and indicated important points related with the peroneal nerve and its branches. Cadaveric dissection showed that m.extensor hallucis is innervated by a single nerve in 16 cases and by 2 or more nerve branches in 13 cases. Measurements showed that the nerve branch innervating m.extensor hallucis arises 68-136 mm distal to the branching point of n.peronealis profundus in 91% of the cases. Therefore, the area 68 to 153 mm above the fibular head can be defined as a risk zone. The safe zone for fibular osteotomy may be defined as 16 cm distal to the fibular head.
Wildner et al. (6) , studied the HTO operation in 182 patients and used U-staples for fixation except in four patients. 9 patients (4.9%) had transient peroneal nerve palsy. Of these, 6 had motor deficits and 3 had sensory deficits (8).
Curley et al. (7) studied pre-and post-operative electrophysiologic parameters, creatine phosphokinase level, radiology and intracompartmental pressure in 16 patients who underwent HTO. Pre-operative electrophysiologic investigation revealed mild lesions in 12 patients. In terms of peroneal nerve involvement, scoring was made as 0-1-2-3 (0=normal, 3=the highest lesion).
The mean pre-operative score was 3.0±0.87 and post-operative score was 8.8±2.17 in patients who underwent proximal fibular osteotomy. This difference was significant (p<0.05). On the other hand, in patients without proximal fibular osteotomy, the mean pre-operative score was 5.5±1.61 and post-operative score was 5.2±1.65. As seen, fibular osteotomy can be considered as a risky intervention for peroneal nerve injury. Hpwever, the importance of the fibular osteotomy site should be kept in mind (2).
Gibson et al. (8) studied HTO in 20 patients and measured anterior and deep posterior compartment pressures after closing the skin and before applying a plaster cast. Anterior compartment pressure of the other leg served as control. Half of the patients used a drain and the remaining half did not. In the group without a drain, anterior compartment pressure significantly increased in 7 patients (>45 mmHg) and 5 of these patients had transient nerve lesions defined clinically. Only one patient had persistent weakness of the extensor hallucis longus muscle. In the group with a drain, compartment pressures did not increase except in 2 patients. These 2 patients showed no nerve lesion during the early period. However, ankle dorsiflexion was weak in the late period which was explained by late peroneal nerve palsy. The reason for the increase in compartment pressure was considered to be bleeding, but fibular intervention was ignored in the paper because some of the patients had distal fibular osteotomy whereas others had partial excision of the fibular head (6). 
CONCLUSION
Based on our results, patients who had HTO using the closed wedge valgization technique showed the risk of injury to N. peroneus superficialis and N. peroneus profundus (branches of N. peroneus communis) during fibular osteotomy. This was based on amplitude reduction in the n. peroneus superficialis conduction velocity study and lesions identified during needle EMG study.
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